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SUMMARY

A simulation program in the LIV Astronautics Manned Aerospace Flight
Sirmilator (MAFS) was used to provide training of ths GT-9 primary and backup
pllots, Cernan and Aldrin, in the operation and handling qualities of the LIV
Astronaut Maneuvering Unit (AMU). The simulation program wes operated for a
period of two weeks, including the NASA engineering review pheses, with a
total of over 100 simulated rung belng performed. The training runsg for ths
two astronauts, a total of 51 varying in length from as little as about 10
minutes to as much as 75 minutes, were performsd in a four day period, 28
. through 31 March 1966, :

The program involved the performance of various maneuvers with the

AMU rotations and translatlons relative to both simulated Geminl and Agena
gpacecyralt. Control of the AMI was evaluated in both the sutomatic and manual
attitude wodes snd with various fellure modes. Several guildance technlquoes

- for effecting transfers, translations; to the spacecraft were investigatsd.
A technique for the gross transfer wmeneuver which involved establishing a c¢lo-
sure rate and then yawing the AMJ such thab the thruster aligmment relative %o
ths ling-of-gight provided two-dimensional translational control of line-of-
gight rotation proved to be most promising.

Tha eimulatlon utllized the MAFS moving base simulator and a hybrid,
digital-analog computer arrangement, The MAFS cockplt incorporatsd an actual
AMU backpaek structure with controller arms, a simnlabed chast pack, and a
sult pressurizatlon system, Visual displays included s horizon projector for
AMU attitude relative to the Barth and a two-spot projsctor, the spots repre-
senting tha two ends of tho simulated spacecraflt, Gemini or Agensz. The com-
puter provided real tlme simulatlon of ths AMJ in six-degrecs-of-freedom, the
selecied spacecraft in thres degress-of-freadom. Interfaced bestween tha AMI
controls in the MAFS coeckpli and the computer wes a control box which cone
tained an actual AMJ control electronics package and provisions for ingerting
thruster and gyro failurss. Inputs to the box included the simulsated rate
gyro signals and AMU control signals to the control eloctronics, ths outpubs
being the indlvidual thruster on~off commands to the computer.
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1.0 INTRCDUCTION

A rsal time, six degrees-of=fresdom simulation of the LTV Astronaut
Mansuvering Unit (AMU) was performed to provide training for the GT-9 pri-
mary and backup pilots who will conduct the flrst space opsration with the
AMU. The basic objectives of this program were thse development of both
opbimum AMU flight procedures and astronaut proficiency in maneuvering with
the AMU, : .

The simulation was conducted at LIV Aerospace Corporation in Dallas,
Texas, using the LTV Astronautics Division Menned Aerospace Flight Simulsbor
(MAFSi and LIV simulation and hybrild computetions facilitles, Simulator eope
eratlions, which covered a two wsek perlod, involved both astronaut training
and NASA englneering review phases. The GI-9 primary and backvp AMU pilots,
Astronauts Cernan and Aldrin, respectively, each recelved two days of traine
ing dn the simulator. The engineering phase of the simulation was conducted
primarily by two NASA-MSC engineers and one Alr Force officer, a pilet assigned
to the AMU program. Fach of the subject pilots was familierized with the trange
latlional and rotational handling qualities of the AMU and with the effects of
varlous fallure modes, Transfer to and docking with both similated Gemini and
Agena sgpacecralt were ovaluated using several guldance techniques,

The primary purpose of thls report is to describa the simulation set-up
and ibs mgchanization, Prier to thils discussion, the report preseats a brisf
description of the operatilongl procedures and regults of the simlabion along
with the resultant concluslons and recommendations for fubturs AMU training
simulations as qualitatively obgerved by LTV personnel.



2,0 OPERATIONAL PROCEDURE AND RESULTS

Two basic typss of simulator test flights were made during the astro-
naut tralning phase of the program. For each, the AMU was started from a
position in front of, on the longliudinal axis, and facing the selected tar-
got spacocraft. Each run was conducted under simulated daylight conditions,
the visunal display system projscting only an earth scene of cloud coverasge
over the oceasn, with no sbars besing visible. The Geminl was orlented with
the longitudinal axis normal to its orbiltal plane, facling orbital north -
orbital east being the direction of orbital motlion. The Agens was orisniad
normal to its orblital plane and facing orbital south. Those runs which started
in front of the Gemini were primarily used for initial familiarization with the
simulatlon seb-up end AMJ hendling quelitiss. Included in those tests were the
rotational (yaw, pitch, and roll) and translational (forward, aft, up, and down)
mzneuvers which will form the initial meneuvering chacks of the AMU to bs pay.
formsd on the GT-9 £1ight. Also included wers trenslations from a dlstance of
about 10 feebt to ranges up to sbout 125 feet from which trensfer back to and
docking with the Geminl were practiced. The tests with the simulated Agena
basically involved the oubd-ofe-plane trensfer wencuver from the viciniiy of the
Geminl to ths nosa of the Agena, a disbance of 80 fest, followed by a trans-
lation out from the slde of the Agena, spproximately in-plane, to & range of
about 80 feet. From that position transfer back to ths Agena with simulated
decking was thsn performsd,

The actual procedurss used and lengthes of the simulation runs wevs
quite variable, the cholice bolng primsrily that of the individual asironaut.
Run length varlsd from as little as about 10 nmlnutes Yo &s mach as 75 minuvtes,
Each of the astronauts received hilg dnitial simulator familiavization runs
under "shilrt sleeve" conditions but the major portion of hiz tralning, stert-
ing the afternoon of the first day, was attained while wearing his pressvre
sult and pressurized to a differential of 3.7 psi. Photographs of each of the
astronaunts in the simuilator in both "shirt slesve" and pressure suit conditions
ave presented as Figures 2.0-1; 2,0-2, 2,0-3, and 2.0-l.

Two basic guldance techniques were evaluabed and practiced by the astro-
neuts for effecting a line-of-sight trensfer to ths spacecraft. Both techniques
resulted from ths thruster configurstion of the AMU - i.e., the ability te trang-
late in only two dimensions; fore-aft and up-dowm. For the first methed the AMU
is orilented such that the fore~aft thrusters are aligned with the line-of-sight
to the spacecraft, the pilot facing the spacecraft, with roll asbout the line-of-
glght being used to align the up-down thrusters in the plane of rotabtion of the
ling~of-sight., For the other method, referred to as "ovor-ths-shoulder” and
which proved to be most promising, the AMU was initially oriented facing the
spececraft to establish a closure rate. Then the AMU was yawed about S0 degrees,
with subgequent rotations as rsquired, to align both the fors-aft end up-down
thrusters normszl to the line-of-sight, providing two dimensional translational
control for ling~of-sight rotations. This alignment could bs maintainsd for the
entlre transfor up to contact with the spacecraft providing the rate of closurs
was not excessive, in which case the AMU would have to bs yawsd to align the forge
aft thrusters with the directlion of motion to perform & torminal braking monsuver,
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With the fallure logic provisions of the gimilation, the astronauts
were familiarized with the effects of individual thruster and gyro failures
(both on and off) and with fuel (nitrogen supply) pressure failures.

Line printer data were obtained for each of the astronaut runs, with
records of the XY relative range plots belng made on selected runs., - The
relative range plotters (RxT vs. RzT, RYT VS. BZT, and Bxp vs, R’T) and the
range-range rate ((6 vs. @ ) and cross range velocity (VE vs. VB} plotter
were utilized on every run as real tims displays for previding informaticn
as required to facilitate the astronaut training,



3.0 CONCLUSIONS AND RECOMMEMNDATIONS

From observations of the AMU training program by LTV personnel and the
comments received from the two astronauts, it is concluded that the subject
similation was a very useful training aid for the initial AMU mission on GT-9,
The similation provided a reallstlc presentation of the AMU performance and
handling qualities, both under normal operation and with the effects of various
failure modes. The "over-the-shoulder" guidance technlque, which was possible
to svaluate with the visual display capabilities of the LIV simulator, was shown
1o have excellent qualities in relation to ease and accuracy of line-of-gight
control, -

Although the lack of specific training procedures was justifiable for
this program, it is recommended that future training programs of this type
have more definite plans of action. They should bs based on the experience
gained from the GT«9 misslon in combination wilth the recommendations of the
astronauts and astronaut training personnel and they should include compli-
ance with procedures for the intended miszsion. The major portion of the train.
ing for each of the astronauts, primary and backup, should follow identical pro=
gram plans with only a minor part bsing relegated vo baslec famdllarizatilon.

-



4.0 STUTATOR MECHANTZATION

L.l DESCRIPTION OF FACILITY
The subject simulation uwtilized the LTV Menned Aerospace
Flight Simulator (MAFS) in conjunction with a hybrid computer facility. A
block diagram of the simalation equipment is presented as Figure l.l«l,

L.l.1 Moving Base Simulator

Views of the astronavitsg jin the simulator gondola are
shown in Figures 2,0-1 through 2.0-li. The gondola is mounted on a four-gimballed
moving base inside a 20 foot diameter spherical projectlon screen, The mobion
capabilities of the moving base are %10 degrees in yaw and inner pitch, %20
degrees in roll, and 1100 degrees in outer pibeh. The yaw and innsr pitch motions,
because of the 6 foot arm which exists between their pivot point and the pilot
station, are used to provide both anguler and translational acceleration cues =
yaw and labteral and pitch and normal, respactively. The roll motion provides the
roll angular acceleration cue, The outer pitch is normelly used to provide the
longitudinal acceleration cus but was not used for this program since it lacks
the response capabilities for following the low~level pulsating thrusts of the
AMU,

h.1.2 AMU Contrels and Displays

Incorporated in the gondola cockpit for this progrem was
a productilon AMU backpack. Functilongl AMI controls were the rotational and transe
lational controllers, the attitude mode select switch, and the primsry and alternste
RCS control switches. For the simulabtion the RCS switches were so configured as
to require the primary switch to always be in the on position to supply control
electrical power, the function of the alternate switch being to override simlated
thruster and gyro failures, A simulated, dummy, chestpack was used which had the
fuel remaining gage and three warning light (30% fuel remaining, RCS failure, and
fuel pressure failure) displays along with a switch for disabling the abort alarm,

bel.3 Visual Displays

Two pointe-source light projection systems, as can be
seen in Figures 2.0~2 and 2,0-l, were used to project the visual displays on
the MAFS spherical screen. A fouregimballed horizon projector having full
rotation capabilities displayed AMU orientation with relation to the Earth hori-
zon and a scene of cloud coverage over an ocean, AMU orientation and position
relative to the two ends of the Ceminl or Agena spacecraft were displayed by *wo
circular spots of light, blue and red to represent the nose and aft ends, respec-
tively. The spot projector consists of two projection tubss for varying spot
diamster with line-of-sight range mounted in a four-gimballed yoke to provide
azimuth and elevation deflections of each spot, This arrangement is such that
both spots were driven by the azimuth and elevation of the -line=of=sight to the
noge (blue) end with the red (aft end) spot being driven, in addition, by the
differential azimuth and elevabion botwesn the lines-ofe-sight to beth ends,

oG
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Lol.h Suit Pressurization

LN

Installed in the MAFS for pressure suit operation,
pressurization and cooling, was a filtered high pressure air supply in combi~
nation with a suit pressure regulator and associated hoses and connectors,

h.1.5 Control Electronics and Failure Logic

The primary control electronics package from the AMU
backpack installed in the MAFS cockpit was incorporated for the simulation in
a spacial control box, Figure L,1-2, along with the required electrical power
supplies and the thruster and gyro failure mode switching and display logic,
The power supplies to the control electronics package and the backpack con-
trollers, rotational and translatlonal, and attitude mode switch were routed
through the "on" position of the primary RCS control switch on the backpack.
Switches were provided on the control box for failing "on" or "off' each of the
eight primary thrusters and each of the three gyro signals., Relays were in-
cluded which were energized when the alternate RCS control switch on the back-
pack was in the "on" position. When these relays were energized, all of the
failure mode switches were bypassed with thruster and gyro operation then being
normal. Thruster failures were produced by interrupting the command signals
betwesn the control electronics package and the computer and replacing them
with either a steady "on" or steady "off" command., Gyro failures were produced
by interrupting the computer simulated rate gyro input signals to the control
electronics, they bsing replaced with either a steady zero (fail "off") or 5
VDC (fail "on") input, In addition to the simulated rate gyro signals, other
inputs to the control box, and control electronics, were the rotational and
translational controller and attitude mode select, "automatic" or '"manual®,
signals. The control electronics package, as in actuality, supplied the con-
trol system logic, thruster pulse modulation, and thruster logic. The out-
puts of the control box were the basic thruster “on-off" commands as supplied
to the computer progran,

Lo1.6 Master Control Station

Primary control of the simulation program was maintained
from the master control station, Figure li,1-3, located in the computer area.
Equipment at this station included the master control console, the control
box discussed in paragraph lL.,l.5, and the X-Y and strip chart recordesrs. The
master control console housed the primary intercom amplifisrs and controls and
a number of computer program functional switches. These switches included:

(1) Operate - Reset - Primary control switeh for starting

and stopping the computer program for each simulation
run.

(2) Endpoint - Switch for manually commanding digital data
- printouts on the line printer, coded "EPTY,

(3) N, Fail - For initiating fuel (nitrogen supply) pres-
sure failures.

“11l-
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(L) RCS Fail -~ Normally used in conjunction with thruster
and gyro failures to supply abort alarm, RCS light on
chest pack and audio tons on intercom, which was manu-
ally operated for this simulation whenever the failures
resulted in excessive thruster dubty cycles. The abort
alarm signal was automatically initiated by the com-
puter when fuel remaining dropped to 30% or for a fuel
pressure failure when No pressure dropped to 395 psia.

L.1.7 Computer Equipment

The simulation computations were primarily performed by
an ASI-2100 digital computer. This high speed, solid state computer has a 2-micro-
second total memory cycle time with 8192 randomly addressable 21 bit words, The
complete computer program had a basic iteration rate of 50 milliseconds for the
synchronous computations. Asynchronous operation was performed on a priority basis
to handle the high frequency pulse modulated thruster commands. Analog computer
amplifiers were ussed to integrate the digitally computed angular acceleration quanti-
ties, the outputs simulating the AMU rate gyres. Other analog equipment, using
digitally computed paramsters, was ussd to.provide the required drive signals for
the moving base, visual projection system, fuel remaining display, and X-Y and
strip chart recorders, Additional equipment used in conjunction with the compubers
included: :

(1) Conversion Gear - Analogeto~-digital and digital-to-
analog,

(2) Auxiliary buffer between digital compuber and con-
version equipment.

(3) Digital typewriter, paper tape reader, and paper
tape punch,

(4)  Thruster Stabe Digital Interface - Special digital
logic circuits to handle each thruster state, pulse
decoding, interrupt gating, and time delay for charac-
Yerizing impulse., Since the computer program utilized
square wave thrust pulses, time delays were applied to
approximate the impulse characteristics of the minimum
width AMU thruster pulse. The delays used were 12 milli-
ssconds for the thruster "on" command and 17 milliseconds
for the "off",

(5)  Real time clock (oscillater) for timing and gating
the digital computer,

L.1.8 Data Recording Equipment

‘ Data recording was performed by a digital line printer, a
12 ‘channel strip chart pen recorder, a 30 x 30 inch dual pen X-Y recorder, and
three 11 x 17 inch X-Y recorders. ~ :

w}lje



b2 EQUATIONS AND TECHNICAL DESCRIPTIOV

h.2.1 AMU Translation

‘The absolute translation, position and velocitj, of the
AMU mass center was determined by solution of alfferentlaT equaticns in a geo-
centrlc, inertially oricnted coordinate system (X 0’ Z ) as shown in Figurs
4.2-1, the components of inertisl acceleration begng.

.)ZP::A-;(P Xfo’
Yo = AY, - G"MYP

(X3 GM

The thrust resulsant accelerations (

]

A

of the body axis thrust acceleratlona an

AXP L, wm, n,
A%F =1l om, ny
AZEp L, m, wny

AXg
A,
OZ

AY AT ) were a function
g AMU 1gerulal Perientation

with the body axis dCCElGT&thHQ being computeﬂ from the applied thrusts of
the sight primary thrusters located on the AiMI as shown in Figure Lj,2-2:

AXg = Q.
AYgy =0

\
= W{Y_T *Tz“Tb”—‘:z:(

e ] ’ e

Referring to Figurs l,2-1, AMJ geometric definitions included the projaction
of the AMU local radius vector into the Xp - Zp plane:

_ [ 2 2
Ko = +A] Xp® o 2,

the magnitude of the AMU local radius vector:

= +’\I)<RZ+YP7‘

3

(1)

(2)

(3)

(8)

(9)
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the AMU orbital latitude:
sin @g,= Yp/ Xo - (10)
cos ®Eb = XR/ Xo 4 - _ (11)

and AMU orbital longitude:

il

sin Dge

Zo [ Xe | (12)

cos @gp = Xp/ Xg (13)
h.2.2 Gemini/Agena Translation

The Gemini, or Agena, spacecraft was assumed to be iIn
a circular, 160 n, mi, Earth orbit in the inertial Xp - Zp plane. The absolute
translation of the spacecraft, ths point mass taken as the center of the nose
end, was computed in the inertial coordinate system (Xp, Y5 Zp) from:

. GM
YP‘T= \(P-r = YP,‘. =0 ' (15)
ve G}M

Spacecraft longitude was:

sin ®RP{ = ﬁﬂ,/ R 1n
cos @28‘_ = XPT/ ET (18)
L.2.3 Relative Motion, Inertial Coordinate System

The positions of the Gemini, or Agena, spacscraft point
mass relative to the AMU mass center, with respect to the inertial coordinate
system, were:

Rxp= XPT"' K ) | (19
E‘(P = “"Yp | (20)

=18~



with the line-of-sight range between the two points being:

2z N L
C = +‘\/ Rxp + Ryp + R&; ' (22)

The inertlally oriented relative velocities were:

Uxe = Xp — Xp . | (23)
Ugp = =Y ()
Uﬁpc ;EPT - EP ‘ (°5)

with the resultant being:

A )

VQ = & V U“Pz 4+ UY;' + Uﬁ;— (26)

he.2.l Relabive Motion, Line-of-Sight Coordinate System

The line-of-sight coordinate system, as shown in Figure
L.2-3, was referenced to the AMJ body axes (XB, YB, ZB). The position and
velocity components of the spacecraft point mass relative to the AMU mass center
in the AMU body axes were determinsd by:

-

Rxa E.‘ !1_ 23 RKP :
Bya| " | M, My Wy Rye (27
Rzl [N M2 Ma )| Ree

‘ U)(a gq li- 13 UKP .
Uyg | 3| M, WMo Wiz |} Uy (28)
Uz N, Mo Vs || Uze

b

B

These quantities were then used to compute the line-~of-sight polar‘angles, rangs
((3 ) already defined by equation (22): »

«19=






sip E =
cos £ = +‘\‘ R)}B-\— EY; /(o - (30)
sin 'A = Ryg /p cosE (31)
cos A = Rxg /F cos € | | (32)
and the line-of~sight velocity componenfs:
@ cos E 0 -sinE(|cosA sinA ol Uxg
Vg | 2| © t © ||-sinA cosA off Uy, (33)
VE smE © cost o o | Uz

=]

h.2.5 AMU Rotation

Ths angular accelerations of the AMJ wers computed in
the body axes from simultansous solutions of:

IX é - leé - ng {" = .- (X-%"I‘()Ci“ + I‘YE (éz"'rz) +Ixz W‘IXYF’V' | (3l

“Lavp + g -Lyz ¥ = M- (1x-Tg) pr+ Lz (= Pz)“'waf%""IYaPci, (35)

“Ta P~ Tveqr Lpf = N-(Iy-LYpg+ L (pq)+ T pr-Teaqr (36)

where the body axis moments, from the geometry of Figure 1.2-2, were defined by:

L= (Tee T~ T5 -Ta) Yo, - mag Yoo (37)
M = (Ts*Ta ~’Y}.—"%) %T"W\CL,(%CG‘*? v_no.?__xcq (38)
N = (T\“'Tz‘) YT" “"(Tov— T—EDYT—& ¥ WO Yeg ; - (39)

w2l



" h.2.6 AMU Orientation

~ The directlon cosines, defining AMU orientation relative
to the inertial axes, were determined from:

8'! V?‘\ ‘;‘n L wy W, o -V ci
L, vy, g 171 m, i |} ¥ O -p (L40)
Rg Li4¥'N V\-b Qb m:;, n5 "q P o

To compute the Euler angles for the horizon projector drive signals required
the direction cosines relating the AMU body axes to the AMU local vertical
axes (g, Yos Zy), shown in Figure L.2-1:

'Qn% ~Moy ~Noy Cosg’i‘ém@@ 0l{Co5@pp O SHep 1 €, m, 0,
o, M, Vo, |T|-5m@rosBpoll © Vv © |ilom,n,| (D)
f,, g, W o O 1 )rsin@y,0 Wil m, i,

The four drive angles for the horizon projsctor were then computed from the
direction cosines of equation (LO) and the yaw angle of the corresponding
three-angle Euler set, both sets being 1llustrated in Figure l.2-lL:

Csin Wy = o, fani-202 | (L2)
cos W, = Qo\ /+ ’\} - ﬁ;; . (L3)

. *

Y= e (4 - %ﬂ i £ ()

. MAY

tan Qg = bo, sin Q"’é"ﬂc’awa% (15)
©a

sin @, = - ﬁ“a /cos é% | o (L6)

cos Q4 < Qo‘Qofé ‘%’4 + Qol SN, WA;. | A (L7)

¥
Equation Ll revised 9-20-66
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sin 4)4: V\O‘Cosé@sin‘& - Y\oz(‘.osézqcos‘&" V\abs;m%' (L48)

cos = -y cosde sml), W, cosd cast +ing, sindg,  (19)

The gain, Ky , and limit, Wg .y, were adjusted to match the slew capabilities
of the projector yaw, WYq , and primary roll, (%4,,.driNﬂs with redundant roll,
, displacements no greater than the physical limit of %20 degrees.

h.2.7 Thrust Level

The thrust level was set independently for each thruster,
the normal levels corresponding to measured values from tests of AMU No. 17,
The thrust levels wsere constant except for fuel pressure failure cases when
thrust would deteriorate with decreasing pressure., The thrust levels were com-

puted from the normal levels and the thrust correction factor:

T:\ = KTy N | (50)

where the subscript "j" refers to thruster number, 1,2;3 ww= 8, and the thrust
correction factor, a function of fuel pressure, was computed by:

Ky= \ - oc.001805 (ass- Fa) (s1)

L.2.8 Fuel and Mass Computation

The fuel consumed by each thruster for each pulse was
separately computed:

L S |
AW\:) T3z Ygp tQN _ (52)

where T,y was the actual thruster on time determined from the commanded on
time and the applied time delays - the i&N'value being 5 millissconds longer
than the commanded on time,

. Total fuel consumed by the eight thrusters at any
instant in the run was: , ”
O

B = = Amg - (53)

]
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Translational fuel used along each axis, Xg and Zp was:

A ‘S\m\o““‘ dt

32.2 Lepe

t

32.2 lep
(o)

N

with total fuel for translation being:

DY, = DY\ + AW 5
and for rotation:

AN 44 2 44\

RoT res — DWMp

The instantaneocus AMU mass was:

The translational AV requirement was computed from:

"-'.\[\t(‘(lxl »lagl) dt

2.9 Target Projector Zquations

The visual display projection system, by means of the
two circular spots (blue and red), represented the two ends of the Gemini or
Agsna spacecraft. The computer program was such that either target vehicle
could be aligned with the longitudinal axis either in the orbital plane or
normal to it, illustrated in Figure L.2-5. For the normal condition the nose
end of each spacecraft was considered to be in the orbital plane, the Gemini
aligned to face orbital north and the Agena orbital south., The spacecraft
could be rotated about that axis which was normal to the orbital plane,
lateral or longitudinal, which in each case was designated as the Yy axis

~25..

(5h) .

(55)

(56)

(57)

(58)
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The rotation rate could be elther zero or some other constant, ©, which was
preset prior to a run. The inertial displacemsnt about the Y (or Yp) axis
was a function of run time, the X7, ¥, Z7 axes always coinciding with the Xps
Yy, Zp exes at the start of a run. '

O, 6.t : (60)

Figure L.2-6 defines the target projector geometry. The cuter azimuth and

elevation gimbals of the target projector positioned the spot (blue) which

represented the nose end of each spacecraft and were driven by the line-of-
sight azimith and elsvation angles from equations (29) - (32). Incremental
azirmth snd elevation angles for driving the inner projector gimbals which

positioned the spot (red) representing the aft end were computed from:

A Reg
tan AA = Crbp (61)
AE = .
tan o4 AP (62)
vhere:
A() CoSE O -snE|lCosA SnA O AR g
ARB = (@} \ o "'S‘W\A CGS&\ @] A.R\(B
ARe ] |SmE O cosE © o ARy, (63)

The valuss of AR@, AR , and A were functions of target length, lT s
and orientation., The length, QT s was the same for both the Gemini and Agena
spacecraft, 18,67 ft. ‘

AQ‘K‘B Q.‘ »Qz, 15 QOSBT 0] %:\ne-r (6&)
AR, | | m, M, m, © 1 o [M\_l
DRzq N, Ny Ny “S;V\e-‘- O CosOr
where ‘__ML—_‘ wass
(1) Gomini or Agena in orbital plane
ARk
- 65-1
(2) Gemini normal to_orbital plane ‘
. (0] .
A _
[m] 8| b (65-2)
L @ ,
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(3) Agena normal to orbital plane - i

L -(ET | | (653
o :

The line-of-sight range to the nose end of the spacecraft ((0 ) has been
defined by equation (22). The range to the aft end was computed by:

F; C+r b . :
© = Cos AACos AL : , -(66)

The diameter of the nose end spot (Dgpgr) and aft end
spot (dspop) for use in the target projector drives were:

Doror * 61
SPOT & fact
dgpor = E_é;?fi (68)

<0' (Feel)

where Dpgp and dppp were 0 and 120 inches, respectively, for the Gemini space-
craft, and both Dpmp and dppp were 60 inches for the Agena. Compensations for
physical geometry since the target projector to screen distance varies with pro-
jector orientation were made to all of the computed parameters (A,E, AA, AE,
Dgpor and dspor) prior to driving the projector.

h,2,10  Relative Motion, Spacecraft Coordinates

Recorded data parameters of relative position (X-Y
plotters plus line printer) and velocity (line printer) components were pre-
sented in the Gemini/Agena spacecraft referenced coordinate system (Xp, Yp, Zp).
These paramesters, which like all other relative motion terms in this simulation
denoted spacecraft motion relative to the AMU, were computed from:

‘ Rxr Cos ©¢ © -S5O || Rep
Rs(.r o i Q R’*(P (69)
| Ry | Sme; o coser )| Ree f .

i

. -y

1 Usy | | cos©¢ 0 ~smey || Uxe

Uee 1= © '\ o© Use (70)
| Uz} [smor o coser il Yz
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For the majority of the runs in this program, for all of the astronaut tra:’m-
ing runs, eT was set equal to a negative value of the rate of change of ®2P
to maintain the Xp and Zp axes in the spacecraft local vertical and horlzontal
respectively. Since the astronaut runs were all made with the spacecraft longl—
tudinal axes normal to the orbital plane, this rotation was about the axis of
symmetry and had no effect on the visual display.

4.2,11  Moving Base Drives

The moving base drive signals were computed from:

Roll Drive ‘:23.\.\ 1‘% ¥ 349 rod (1)

e1 S 4
25%1

"oOng .1 9) . '
Inner Pitch Drive = ¢ +.059 Xmua‘r-\ (72)

hmt .04 rad

. 5 L] _ - %
Yaw Drive = [ ° (Y‘ ¥enor™ P Pior) ) (73)
28541 im £ 174 rad

l.2.12 Fuel Pressure Computation

The fuel (nitrogen supply) pressure was constant
unless a failure was simulated. The pressure then was computed for an
isothermal expansion by: ’

| 455 V, "
NE Y (7h)

Where the initial ullage volume at the time of failure occurrence was V
with the instantaneous volume computed by:

O Moo
0©.049%

V=44.8+

(75)
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Definition of Symbols
Symbol
A

DA

O-x

H)

DEEV 3 dREF

SPOY ) d'b?cﬂ"

At

GMm

Te, 1y, X2

L‘w, Iﬂ;, vz
Ky

Ky

L, M, N

ln,z.,b WMizy Nz

2;,‘7.'5 3':'\;,1.,5

n \,‘2.,3

YWy

«31-

Definition
Line-of-sight (LOS) azimuth angle -
AMU body axis oriented.

Differential LOS azimuth between
Gemini/Agena spacecraft nose and
aft ends,

Thrust resultant translational
accelerastions « AMU X and Z

B B
body axes.

Reference diamebtsrs of spacecfaft
nose and aft ends, respectively.

Target projector drive signals for

diameters of spots representing space-
craft nose and aft ends, respectively.

10S elevation angle - AMU body axis
oriented,

Differential 10S elevation between
spacecraft nose and aft ends,

Earth gravitational constant.
Specific impulse.

Principal moments of inertia, AMU
body axes.

Products of inertia, AMU body axes.

Thrust correction factor for reduced
fuel pressure,

Gain term in li~angle Euler set yaw
computation.

Rotational moments about AMU body
axes,

Direction cosines - AMU body to
inertial axes.

Inertial direction cosine ratss,

Direction cosines - AMJ body to
AMJ local vertical axes.



_A.W\ RCS
o RoY

LAWiyp

~32a

Definition

Gemini/Agena spacecraft length -
reference distance between centers
of noss and aft ends,
Instantanabus AMJ mass,

Initial AMU mass.,

. Spacecraft length matrix in

target projector computations,

Incremental fuel consumption for
each thruster pulse, subscript "j"
representing thruster number (1, 2,
3 """8) .

Instantaneous total fuel consump-
tion.

Instantanesous rotatienal fuel cone
sumption.,

Instantaneous translational fuel
consumption,

Instantansous translation fuel con-
sumption components, AMU Xg and
Zp body axes.

Angular rates about AMU body axes.

Angular accelerations about AMU
body axes,

Fuel, nitrogen supply, pressure.

Gemini/Agena radius from center
of Earth,

Components of spacecraft position
relative to AMU - AMU body axes.

Components of spacecraff position
relative to AMJ - inertial axes,

Components of spacecraft position
relative to AMJ - spacecraft refer-
enced axes,



Symbol

bR, AR{) be
Aﬁ,‘b‘ﬂQs{e)Aﬁis
S
T\‘z. S5----8
13
‘T;hd
t
g
U"B. U‘{e’ U%g
Ux? y Us(‘, ) U.ZF

Definition

Differential position components
between spacecraft nose and aft
ends =~ 10S coordinate system.

Differential position components
between spacecraft nose and aft
ends - AMU body axes.

Laplace operator.

Instantaneous thrust levels of each
primary thruster.

Instantaneous thrust level, sub-
seript "j" representing thruster
number (1, 2, 3 === 8).

Normal thrust level of each
thruster.

Elapsed time in run,
Applied length of thruster pulse,

Components of spacecraft velocity
relative to AMU -~ AMU body axes.

Components of spacecraft veloclty
relative to AMU - inertial axes.

Components of spacecraft velocity

relative to AMJ - spacecraft
referenced axes.

Instantaneous ullage volume.

Ullage volume at time of fuel
pressure failure occurrence,

Components of spacecraft veloclty
relative to AMU - normal to line-
of-sight,

Resultant relative velocity.
Translation OV requirement.

AMJ mass center displacements
from reference point,



Xers Yoy, Zey
xf’) Y?S Ze
)<ers\(ﬂfseaﬂf

2

x Pitat)  FiaT

Xe

| AXp M, A%

YT ) YTZ‘

Definition

" AMU radius from center of Earth,

Components of AMU inertial position.

Cemponents -of spacecraft inertial
position,

Components of AMU inertisl velocity,

Components of spacecraft inertial

velocity,

Components of AMU inertial accele-
ration,

Components of spacecraft inertial
acceleration,

Pilot mass center displacements from
AMU mass center.

Projection of AMU radius from center
of Earth into Xp - Zp plane.

Thrust resultant translatilonal
accelerations - AMU body axes,

Thrust resultant translational
accelerations =~ Inertisl axes,

Lateral displacement of inboard
and outboard thrusters, respectively,
from reference point,

Vertical displacement of fore-aft
thrusters from reference point.

AMU orbital longitude.
Gemini/Agena orbital longitude,
AMU orbital latitude.

Tnertial angular displacement and
rate of spacecrsft about T axis,



Symbol : Definition |

e : " 10S range - AMJ from center of
. : ‘ spacecraft nose end,

105 range - AMU from center of
spacecraft aft' end.

C ~ 10S range rate ~ 4@ /dt
QJs , : - 3mangle Fuler set yaw angle -

AMU orientation in local hori-
zontal.,

tion in local vertical-horizontal.

© heangle Euler set - AMJ orienta-
w4)¢%)aﬁ,¢4 &
414 L-angle Fuler set yaw angle rats.

o
Computational 1imit on W, .



b3 DATA RECORDING | | i

h.3.1 Analog Recording

A 12-channel strip chart pen recorder was utilized to
record the following parameters ag functions of time:

P O
q Oz
P @
P Fore~Aft Transl. Cmd,
- q RCS Failure Indication
r Attitude Control Mode

Three 11 x 17 inch and one 30 x 30 inch, dual pen,
X-Y recorders were used for recording and/or displaying the following'

(2) Ryp vs. Rgp
(3) RXT VSe RYT

(L) 53 vs. @
(5) Vg vs. Vp

. Permanent records were made for selected runs with only the first three
recorders. Automatic scale changes occurred on the parameters for the first
three plus (@ on the fourth, all four parameters changing scale simultanecusly
as a function of LOS range, (3 + Three scales were used - 0 to 32 ft,, 0 to
256 ft,, and 0 to 20L8 ft..

_L.3.2 Digital Recording

A line printer was utilized for on-line recording of
32 digital parameters accomplished on an event or manual command basis with
the appropriate index code appearing with each data printout., The index code
used was: :

Index ' Definition

OFR Operate - Start of Run

ATO Automatic Control Mode Initiate

oLP Manual (Open Loop) Control Mode Initiate
FTR Translation Command Initiate

STR Translation Command Terminate

36



Index _,Definition

PRC Roll Command Initiate

PRS Roll Command Terminate

QRC Pitch Command Initiate .

QRS : Pitch Command Terminate

RRC Yaw Command Initiate’

RRS Yaw Command Terminate

NeF Fuel Pressure Fallure Initiate

EPT ' End Point - Mannal Commanded Printout

The event printouts for rotation commands could be dis-
abled by a switch on the command console, Ths 32 parameters on each print-
out were:

o |90 | Byp | R | By | V;m | Um | U
sec deg ft ft ft fps fps fps
e e K VB A E Vg O
ft fps fps fps deg deg fps deg
m Scs| BMror | BPR | 0% amg AVgp | Py
1bm 1bm 1bm 1bm 1bm 1bm fps psia
TOTAL PULSES FOR EACH THRUSTER
1 2 3 L -5 6 7 8

Lok - AMU CONFIGURATION AND INITIAL CONDITION DATA

The AMU configuration parameters which were constant for
every run were:

Parameter Value
_. Normal Thrust Levels
Thruster 1 2.125 1b
Thruster 2 2.338 1b
Thruster 3 2.275 1b
Thruster I 2.190 1b
Thruster 5 2,076 1b
Thruster 6 2.280 1b
Thruster 7 2.325 1b
Thruster 8 2.219 1b
Isp 150 sec
Ty 0.8 f£%
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Parameter = - Value . RSN ‘;f;;

T, | - 0.90L167 £t
v, S 1.1125 £t
Initial Fuel Quantity 23.65  1lbm

Other AMU configuration data which were different for each
astronant were:

Parameter : 4 ' Value

Cernan Aldrin
m | 12,655 (L07.5) 12.500 (L02.5) slugs (lbm)
Xeg © 0.,175 0.158 £t '
Yoo -0,008 ~0,008 £t
%o 0.216 0.150 £t
Ix 20,22 19.06 slug-£t2
Iy 22,92 21.62 slug-ft2
Iz 8,97 8.h9 slug-ft2
Ixy «0,09 -0,09 slug~ft2
Ixz 1.72 1.25 slug=t2
Iyz -0.07 - =0,02 slug~-f42
Xp1r0T 0.317 0.317 £t
ZpT1.0T 0.358 : 0.350 £t

Miscellaneous constants on all runs were:

Parameter Value :
oM - 1.10773L5 x 10%€  £3 /gec?
L1 18,67 £t
Ry ‘ 21,89882L x 106 £t
ep ~1,157788381 x 10~3 rad/sec
- Ypr, Ypr Y

Those initial conditions which were the same for all runs were:

Paramster Value
ﬁ-l, ml, nz, n3 0
nl » -1
P;Q,T . 0
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Parameter i Value

XPs Xpq | | 21.89882L x 105 £t
. ] . ) )

i‘P, JEPT, Tp, Zpy, 0

Zps Zpg | 25,354,204  fps
ep 0

Constants which were a function of spacecraft selection were:

Parameter ' Value

_Gemini Agena
Dppr Lo | 60 inches
dpER 120 60 inches

Initial conditions which were a function of spacecraft selec-
tion and orientation were:

Parameter Value

Geminl or Agena Gemini Agena

In orbital plane Tnormal normal
2, 0 o+l -1
g4 , -1 0 | 0
my -1 0 : Y
Ty 0 -1 +1
YP* 0 + -
Zp + 0 0

% The Yy and Zp magnitudes were varied as desired to provide
the required initial 108 range.
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